Abstract recently, anthropogenic fires in protected areas have become more frequent. i studied the response of the spider community after an extensive summer fire in the 'striltsivskyi steppe' reserve in eastern ukraine. a total of 117 spider species was found in the pre-fire period, 40 species were registered in the first and 89 species in the third post-fire year. herb-dwelling spiders began to colonize burnt plots in July, when juveniles of the new generation began dispersing. in september, their abundance was similar to that of undisturbed steppe and within three years, the spider assemblages recovered almost completely. Cursorial ground-dwellers in the first post-fire year decreased in species richness and increased in activity density. in the third year, their species diversity and activity density became much higher than in control plots. some xerophilous species benefited from the fire. Litter dwellers are extremely vulnerable. During the three post-fire years, their numbers and diversity did not recover. some rare species with a patchy geographical distribution disappeared from the local fauna. such a reaction of endangered species is the main restriction on the use of fire as a conservation management. the prerequisite for its implementation is maintaining relevant refuges for threatened species. Keywords: endangered species, post-fire recovery, spider assemblage, 'striltsivskyi steppe' reserve, summer fire.
introDuCtion
fire is considered to be a natural factor that plays a key role in the origin and evolution of dry grassland ecosystems (osychnyuk & istomina 1970, anderson 1990, robertson et al. 1997, tishkov 2003) . Periodical fires reduce the penetration of woody plants and encourage the development of forbs and grasses, which are resilient to fire. traditionally, local people used fire against their enemies during wars and for hunting and pasture improvement during peacetime (Panzer 2002 , Vale 2002 , tishkov 2003 , gavrilenko 2007 . Many scientists consider that in modern conditions, with a lack of wild herbivores, fire is the only way to prevent the excessive accumulation of plant material and maintain steppe vegetation in natural condition (heidorn 1991 (heidorn , Lysenko 2008 (heidorn , tkachenko 2009 ). their opponents insist on the destabilizing role of fire for isolated steppe areas and the disappearance of rare species (nemkov & sapiga 2010 (nemkov & sapiga , Chibilev 2014 .
in the tall-grass prairies of northern america, prescribed burning is widely used as conservation and landscape management. therefore, the impact of fire on local biota is well studied there (warren et al. 1987, anderson 1990, rook et al. 2011) . however, in the case of a variety of invertebrates, there still remain a lot of knowledge gaps (anderson et al. 1989, swengel 2001, nekola 2002, hartley et al. 2007 ). short-grass prairies do not need so much burning, they are less combustible and fire events are rarer. Consequently, they attract the attention of scientists infrequently (Parmenter 2008) .
in eurasian steppes and steppe-like habitats, the aftermaths of fires are less studied. recently, the interest of scientists and conservationists in this traditional method has increased (ryabtsov 2005 (ryabtsov , tkachenko et al. 2010 (ryabtsov , Valkó et al. 2013 . Long-term studies are rather an exception (kahmen et al. 2002 (kahmen et al. , Page & goldammer 2004 (kahmen et al. , nemkov & sapiga 2010 . Most published studies comprise one-two year investigations of selected taxa after anthropogenic local fires (oparin & oparina 2003 (oparin & oparina , Prishutova & arzanov 2008 (oparin & oparina , savchenko 2009 (oparin & oparina , samu et al. 2010 . Long-term studies in eurasian steppes are badly needed, because uncontrolled fires are becoming more and more frequent.
the post-fire recovery of the dry-grassland community depends on a confluence of many factors: geographical position, site area and topography, season, frequency and intensity of fire, meteorological conditions, adjacent habitats, vegetation structure and the life cycles of the organisms considered (anderson 1990, robertson et al. 1997, swengel 2001) . it is hardly surprising that the researchers of such a complicated matter come to contradictory conclusions.
fire definitely affects various components of dry grassland biota in different ways. the response of invertebrates is not fully understood, it can be negative, positive or neutral (guseva & bogach 1988 , swengel 2001 , nekola 2002 , Panzer 2002 , Prishutova & arzanov 2008 , savchenko 2009 , nemkov & sapiga 2010 . My research is aimed at studying the short-term effects of anthropogenic summer fires on spider communities in the forb-bunchgrass steppe in eastern ukraine.
MethoDs
the 'striltsivskyi steppe' section of the Luhansk nature reserve is situated in the northeast of the Luhansk area, ukraine (49° 17' n 40° 00' e 147 m a.s.l., figure 1). it lies on the southern slopes of the Central russian upland in the north of the steppe natural zone, and represents a northern variant of the forb-Festuca-Stipa steppes. the reserve area is 1036 ha. upper interfluves and gully slopes are covered with shrub steppes formed by Caragana frutex (L.) k.koch, Amygdalus nana L. and Chamaecytisus ruthenicus wol. the herb layer is dominated by turf grasses (Stipa tirsa steven, S. zalesskii wilensky S. pulcherrima k.koch.) and rhizomatous grasses (Elytrigia intermedia (host) nevski, and Poa angustifolia L.). the long term succession on about a third of the reserve area has resulted in the formation of mixed 150-180 cm high shrub thickets with 50-90% canopy density. a mowing regime has created shrub-steppe dominated by Caragana frutex, Stipa tirsa and a variety of forb species as co-dominants. gully bottoms are covered with meadow vegetation (tkachenko 2009).
During two recent decades, the reserve experienced three extensive fires, in 2003, 2007 and 2008 . the latter took place on 25 th august and resulted in total burning of the reserve (980 ha) and adjacent gullies and fields (4,500 ha). the year 2008 was typical for the region, with a mild wet spring and autumn while the years 2009-2011 were extremely hot and dry (borovyk 2012).
initially, spiders were studied in 1984-1986 and 1999-2000 , with the aim of conducting a faunal inventory of the 'stiltsivskyi steppe' reserve. spiders were collected by sweep-netting, pitfalltrapping, quadrat sampling and hand-collecting in various plots of the reserve: strictly protected steppe on the upper interfluves, gully slope and bottom, steppe under mowing regime at the same orographical position, and pasture in the steppe and dry meadow. Plastic cups of 6.5 cm diameter containing 4% formalin served as pitfall traps. ten traps at intervals of 10 m were set in a transect on each plot for three days in May 1984 , July 1985 , May, June and July 1986 . for the sweepnetting, i used 30-cm diameter entomological net and made three-five samples of 25 double sweeps per plot. the samples were taken in the same period as the pitfall-trapping and also in september 1984, 1986. a quadrat sample was performed in May-July and september 1986, with hand collection on 16 25×25 cm sample plots on the ground and/or litter layer on the upper interfluves with and without mowing and in the gully bottom. in June 1999-2000, spiders were collected during 10 days from five transects of 10 pitfall traps in the strictly protected steppe and gullies (Prokopenko, pers. com.) . after the fire, the research was carried out in May-september 2009 and 2011, i.e. in the first and the third years after the fire. five plots in the most representative parts of the reserve landscape and vegetation were chosen for quantitative sampling. as a control, i established three study plots in a gully 3 km from the reserve. although the gully was deep and differed in slope exposition, it was the only adjacent location left intact by the fire. its upper part could be compared with the upper interfluves, while its branch was similar to the shallow gullies in the reserve. the studied plots were as follows: the plots 1-4 coincided with the sampling plots of 1986. for a more complete spider fauna assessment, i also collected material in a pasture near the river and in a 25-year-old abandoned field on the upper interfluves, which are also part of the reserve. the data are included in the general list of species.
in the post-fire period, i used the same methods as in [1984] [1985] [1986] . ten traps in a transect were set on 3-6 th May 2009 and 2011 on each of the eight above described plots and emptied on 1-6 th June and 8-12
th July. as a result, 2151 spiders were collected, including 2024 adults. i conducted sweep-netting monthly during May-september 2009 and 2011, five samples of 25 double sweeps on the plots nos. 1, 4, 6 and 8, were taken. this method gave 2978 specimens, including only 703 adults. Quadrat sampling was performed on the same dates as the sweep-netting on the plots 1, 2, 3, 6 and 8. only 173 spiders were obtained, of which 48 were adults. i censused the cursorial ground-dwelling spiders, herb-dwelling spiders and the less mobile litter/ground-dwelling spiders, respectively with these three methods. their abundance and species diversity were estimated separately.
i used the same sampling methods in the pre-and post fire periods, only the quadrat sampling was performed with the same regularity in 1986, 2009 and 2011. Pitfall trap exposition and the number of sweep-net samples were different, that is why i do not compare quantitatively, but faunistically.
the alpha diversity of spider assemblages was assessed for species richness (Margalef index), species richness and distribution of individuals between the species (shannon index), and average proportional abundance of the species (simpson index: 1 -D). these indices are widely used in ecological studies (Magurran 1991) .
in order to determine species relative abundance, i used the tischler rating scale, with an additional rank for extremely numerous species (eudominant-1 n ≥ 20%, eudominant-2 10 ≤ n < 20%, dominant 5 ≤ n <10%, subdominant 2.5 ≤ n < 5%, recedent 1 ≤ n < 2.5%, and subrecedent n < 1% tischler 1949). i considered eudominants and dominants together as a dominant complex. for the most common herb dwellers, it was possible to identify juvenile individuals to the species level, as they represented the only species in their genera or had a remarkable appearance or varied in maturation time. in the other cases, i identified the specimens to genus level, such as Xysticus spp. juv., Evarcha spp. juv., etc. Juvenile ground-dwellers could not be identified to the species level, so the data comprises adult individuals only. however, in quantitative analysis, the activity density of cursorial spiders was estimated as number of both juvenile and adult individuals/100 trap-days. species ecological characteristics are based on data on their habitat preferences within the forest-steppe and steppe zones of the east european Plain (Pichka 1984 , Ponomarev & tsvetkov 2004 , Ponomarev & Polchaninova 2006 , Polchaninova & Prokopenko 2013 .
Data analysis was performed using the program statistica 7. i used whiskered boxes and whiskered graphs to analyze seasonal and annual dynamics of the herb-dwelling spiders. i used ward's method as a cluster algorithm and euclidian distance as similarity measure when preparing a dendrogram of the dominant complexes biocenotic similarity. Comparison of grounddwelling spider assemblages was made using an anoVa procedure. the material from ten traps per plot was pooled into one plot sample. then these samples were grouped per year and per burnt or unburnt site in each year. i applied univariate analysis using type of pairwise comparison as a grouping factor and differences in species relative abundance as a dependent variable.
i did not perform statistical analysis of the less mobile litter-dwelling spider assemblages because of the low numbers of adult individuals.
resuLts

species Composition
a total of 117 spider species from 22 families was recorded from the 'striltivskyi steppe' reserve during the pre-fire period (Prokopenko 2001a (Prokopenko , 2001b . of these, salticidae, Lycosidae, gnaphosidae and thomisidae were the most species rich (figure 2, appendix). the total species richness was comparable with that of the other nearest steppe reserves, situated north- wards (yamskaya steppe) and southwards (khomutivskyi steppe) of my study site. one hundred and four species from 17 families were recorded from the 'yamskaya steppe', a southern variant of the meadow steppes (Polchaninova 2002 (Polchaninova , 2003 , and 120 species from 20 families from the 'khomutivskyi steppe', a southern variant of the forb-bunchgrass steppes (Polchaninova 2006) . however the species richness of the families was different (figure 2), Linyphiidae and theridiidae were best represented in the 'yamskaya steppe', while gnaphosidae dominated in the 'khomutivskyi steppe'. salticidae and thomisidae both preferred forb-bunchgrass steppe, while the Lycosidae were more numerous in the meadow steppe and the northern forb-bunchgrass steppe. other less numerous families comprised altogether 18.2-19.7% of the local faunas. before the fire in the 'striltsivskyi steppe', 52 species were recorded from the herb layer and 69 species from the litter/ground layer (some species inhabited both). in the first year after the fire, spider species composition declined to only 40 species of 10 families (appendix). gnaphosidae, Lycosidae and thomisidae increased in relative richness, while the other families decreased (figure 2). nearly all the species were recorded from pitfalls, with the exception of nine species found from the herb layer (i consider here adult individuals only). two years later, the species composition recovered to 89 species from 18 families. of these, 35 species occupied the herb layer, and 63 species occupied the ground/litter layer. the family gnaphosidae remained the richest one, and was more speciose than before the fire, however the other families, except Philodromidae and Liocranidae, did not return to their pre-fire richness (appendix).
in the control gully, 96 species from 19 families were recorded: 77 species in 2009 and 71 species in 2011 (appendix). in both years, gnaphosidae and Lycosidae were the most species rich, being more abundant in 2011. salticidae richness in 2011, on the contrary, unexpectedly decreased. other families did not show remarkable differences.
assemblages of herb-Dwelling spiders
in May 2009, the grass layer was virtually empty. i recorded only two adult specimens of Tmarus piger and Xysticus ulmi by hand-collection and not a single individual by sweep-netting. spiders gradually re-colonized the herbage, some juvenile Xysticus and Evarcha appeared in June, when a new generation of dispersing juveniles occupied vacant territory, and in september became as numerous as at the top of the control gully (figure 3). these belonged to the typical dry grassland species, which mature and reproduce in late april (Agalenatea redii) or late May-June (Xysticus cristatus, Mangora acalypha, Neoscona adianta, Dictyna arundinacea, Tibellus oblongus, Heliophanus flavipes), the juveniles of which hatch in late July or august and constitute the majority of autumnal araneocomplexes. Xysticis striatipes has a contrasting life cycle. its juveniles hatch in June and they are the first to settle new territories. During the first postfire year, this was the only species abundant in the mature stage. in the third year, the seasonal dynamics of spider abundance was similar to that on the unburnt plots: lower numbers in May, but still some 5-15 specimens, and maximum in July or august (figure 3). Mean numbers of spider individuals rose and reached the abundance levels of the unburnt plots. the comparison of september samplings showed a statistically significant difference (p < 0.05) of spider abundance on the burnt plots in 2009 only (figure 4). the species composition of the herb dwellers at the fire site grew from nine species in 2009 to 35 in 2011, being more or less stable in the control gully (33 and 29, respectively). in 2009, juvenile Xysticus made up 30-39% of the spiders on the burnt plots, while in the unburnt gully it did not exceed 14%. in 2011, the relative abundance Xysticus on different plots varied insignificantly, from 13.3 to 17.7%. Mangora acalypha and Agalenatea redii were the second and third most numerous species. they dominated nearly all the studied plots in both years (table 1) . Argiope bruennichi was abundant in the gullies, but not in the first post-fire year, Tibellus oblongus was not included in the dominant complexes of the post-fire upper interfluves. the other species were periodical dominants on one or two plots in different years. all the dominant species are widely distributed and inhabit dry or mesic dry grasslands in europe (krasnobayev 2003 (krasnobayev , horvath et al. 2009 (krasnobayev , Polchaninova 2012 . however, X. striatipes is more abundant in drier habitats in the forb-bunchgrass steppe subzone, Dictyna arundinacea and T. oblongus prefer meadow-steppes, and A. bruennichi favours relief depressions. it should be noted that the general ratio of rare to common species in the first post-fire year on the burnt plots was much lower than that on the unburnt ones. the ratio comprised respectively 14% vs. 45.5% on the upper interfluves and 18.7% vs. 43.4% in the gully bottom. in the third year, the ratio of non-dominant species on the burnt plots increased to 29.4% vs. 47.2% on the upper interfluves and to 33.1% vs. 42.4% in the gully bottom.
a dendrogram of biocenotic similarity showed that dominant spider complexes on the unburnt plots were grouped depending on the orographical position (two pairs 'upper interfluves 2009-2011' and 'gully bottom 2009-2011') . at the fire site, on the contrary, the grouping factor was the post-fire period (figure 5). burnt plots 2011 joined the cluster of the unburnt ones. •
Ebrechtella tricuspidata •
Thomisus onutus •
Araneus quadratus •
• -eudominant-1 n ≥ 20%, • -eudominant-2 10 ≤ n < 20%, •-dominant, 5 ≤ n < 10% 
assemblages of ground-Dwelling spiders
in the first post-fire year, cursorial spiders occurred at the burnt site from early spring and in May reached a total of 15-27 individuals/100 trapdays on the upper interfluves and 53-55 individuals in the gullies. Later in the summer, spider activity density usually declines (Polchaninova 2003 , Prokopenko & savchenko 2013 . in the reserve, activity density decreased by half in the gullies (24-25 individuals/100 trap-days), remaining at the same level on the upper interfluves (13-23 individuals/100 trap-days). two spider families were the most species rich (Lycosidae -nine species, gnaphosidae -11 species), which is typical for pitfall-trapping in steppe habitats. in terms of individual activity density, lycosids made up 65.4% and gnaphosids 26.4% of the collected spiders. the dominant complex comprised six species, five of which belonged to the Lycosidae family. Trochosa terricola made up 27.7% of the collected specimens ( figure 6 ). it is a generalist species distributed widely in the forest-steppe and steppe zones but avoiding extremely dry conditions. in my material, it was followed by Alopecosa pulverulenra, A. cuneata and Haplodrassus signifier, which can be characterized as mesophilous species of grasslands and open forests. their relative activity density was less than half of that of the main dominant species. Xerolycosa miniata and T. robusta completed the dominant complex. they can be characterized as inhabitants of moderately dry grasslands, the former is often numerous in disturbed habitats. the other 25 species were less abundant and together constituted 27.3% of the catch. in the third post-fire year, the species composition of cursorial spiders rose significantly on each studied plot, except the mown upper interfluves (table 2) . activity density also increased on the upper interfluves and in the 1 st gully bottom, while in the 2 nd gully and on the slope it did not changed markedly. During this year, 63 species were caught, of which seven species constituted a dominant complex. the composition changed dramatically: it included three Lycosidae, three gnaphosidae and one Philodromidae species, there was no main eudominant species and the species ratio declined gradually, the ratio of less abundant species rose to 38.3% ( figure 6 ). among the seven dominants, four species were typical of moderately dry grasslands, two species of mesic grasslands, and one species that preferred dry forests. three species remained from the previous complex, T. terricola, which was the most numerous in 2009, reached not more than the status of subdominant. the ratio of gnaphosids and lycosids changed radically, the former constituted 41.3% and the latter 27.3% of the catch. in the control gully in both 2009 and 2011, the dominant complexes comprised of six species with A. cuneata as the first dominant and T. terricola as the least dominant (figure 6). the gully was dominated by the same species as the burnt reserve with the exception of Alopecosa sulzeri, which appeared in 2011. in both years, five species out of six belonged to the family Lycosidae. the hierarchical structure of the spider complexes was similar to that on the fire site in 2011 and was characterized by the lack of a single eudominant and a higher ratio of subdominantsubrecedent species. the number of species and individuals did not change significantly by years or by plots (table 3) . the alpha diversity of cursorial spiders increased from the first to the third post-fire year. the shannon index was higher for all the five spider complexes on the burnt plots (table 2) , however, on the slope, the difference was not statistically significant (p < 0.05). the simpson index changed slightly on the slope and unmown upper interfluves, being significantly higher on the other three plots. the Margalef index increased markedly on the four plots (maximally from 2.73 to 5.57 in the 2 nd gully bottom) and remained almost unchanged on the unmown upper interfluves (3.64-3.97). in the control gully in 2011, the indices were in two cases higher, and in one case lower, than in 2009 (table 3) , and statistically significant differences (p < 0.05) were only recorded for the top of the slope. so, there was no clear trend in spider diversity on the undisturbed plots over the two study years.
in the pre-fire period, spider species composition depended on the relief and mowing regime. it was richer in the unmown gully and poorer on the upper interfluves, especially on the mown plots (Polchaninova 1990 , 1995 , Prokopenko 2001 . in the first post-fire year, species richness was constantly low across all the studied plots while activity density was higher in the gullies (table 3) . the lowest difference between spider assemblages (30%) was recorded for the plots at the fire site in 2009 (figure 7). the maximal difference was recorded at the same site in 2011 (55%). in the unburnt gully, the disagreement between spider complexes by plots and/or years constituted 39-44%. spider assemblages of the burnt vs. unburnt sites were also very different in 2011 than in 2009. i found no species, which had been attracted to the fire site and then left it within a three year period. however some species, such as the above mentioned Trochosa terricola, noticeably reduced in their numbers. on the contrary, eleven species increased in individual activity density or appeared on the burnt plots exactly in the third post-fire year (Alopecosa taeniopus, Arctosa maculata, Drassodes pubescens, Drassyllus praeficus, D. pusillus, Gnaphosa leporina, Haplodrassus kulzcynskuu, Zelotes electus, Thanatus arenarius, Ozyptila scabriucula and Aelurillus v-insignitus) .
before the fire, less mobile litter-dwelling spiders were also more abundant in the gullies than on the upper interfluves (Polchaninova 1990 (Polchaninova , 1995 . i found 31 species by hand-collection from the litter and the quadrat samples. after the fire, their numbers dropped dramatically and in 2011 remained three to five times lower than in the pre-fire period (figure 8). During the post-fire years, i found only seven mature individuals of five species (Stemonyphantes lineatus, Thrichoncus vasconicus, Cercidia prominens, Agroeca cuprea, Haplodrassus kulczynskii), and the remainder were juveniles of Lycosidae, gnaphosidae and Linyphiiae. in the control gully, spider density was lower during the post-fire period than in the reserve prior to the fire (Polchaninova, 1995) (figure 8). nevertheless, i found 24 species there that were not all numerous, represented by one to three individuals each.
DisCussion
extensive fires during the period of plant and animal activity cause direct damage to invertebrates through the high mortality and indirect influences through environmental changes (swengel 2001, gavrilenko 2007) . Very often such fires do not leave undisturbed refuges in the vicinity and recovery of invertebrate communities depends to a great extent on species ability to re-colonize sites (warren et al. 1987, nemkov & sapiga 2010) .
in total, 40 species were not recorded after the fire in the 'striltsivskyi steppe', while 15 species appeared on the reserve territory. thirty six spe- applies primarily to lycosid species, which were dominants in the first post-fire year. although gnaphosids are considered to be xerophilous and thermophilous species, they were less abundant on the newly burnt plots and colonized these two or three years later. Moreover, in the third post-fire year they became more abundant than lycosids, which is not typical of the forb-bunchgrass steppes. gnaphosidae species richness increased in comparison with the pre-fire years, and reached the level of family diversity in the southern forb-bunchgrass steppes (khomutivskyi steppe reserve; Polchaninova 2006) . in my case, the first reaction of cursorial spider assemblages to extensive summer fires was a decrease in species richness and an increase in activity density. the latter can be explained not only by higher abundance but also by higher activity of spiders. on bare soil, invertebrates do not have shelter and need to move fast in search of prey, consequently, they are likely to be more prone to pitfall-trapping (nemkov & sapiga 2010) . Prescribed spring burning of a small plot in southern forb-bunchgrass steppe resulted in a significant increase in species richness and a small decrease in activity density. During the second year after the fire, spider abundance remained lower than at the control sites, while differences in species richness disappeared (Prokopenko & savchenko 2013) . in the case of a wild spring fire in a small area of the dry bunchgrass steppes, cursorial spider assemblages did not undergo notable changes, except for a short-term decline in activity density on a plot with a fescue-feathergrass association (Prishutova & arzanov 2008) . thus, spring burning on small plots neighbouring undisturbed vegetation did not affect cursorial spider assemblages as profoundly as summer fires.
extensive fires create more homogenous landscapes (swengel 2001). My study shows that in the first post-fire year, cursorial spiders were distributed more evenly than in the pre-fire period. three years after the fire, the difference between spider assemblages increased again, reflecting relief or management differences in the reserve and being more diverse than in the control unburnt gully. Pioneer generalist species did not disappear from the fire sites, but were reduced in numbers.
Litter-dependent species are the most vulnerable, as their habitat is destroyed and requires several years to recover. such species need three cies were recorded as singletons, which does not allow analysing their habitat preferences. among the disappeared species, 11 (Crustulina guttata, Neottiura suaveolens, Theridion innocuum, Dactylopistes mirifica, Phrurolithus pullatus, Xysticus acerbus, Talavera aequipes, Simithidion simile, Agyneta rurestris, A. simplicitarsis and Minicia caspiana,) were common or numerous in the reserve in the pre-fire period. after the fire, the latter four were found in the control gully but not at the fire site. all of them, except X. acerbus, S. simile and Th. innoccuum, are litter-dependent. eight newcomers (Agroeca maculata, Berlandina cinerea, Gnaphosa taurica, G. licenti, Haplodrassus kulzcynskii, Zelotes pseudogallicus, Aelurilus laniger, A. v-insignitus) can be characterized as xerophilous species, and they preferred plots with sparse vegetation. an increase in thermophilous and open habitat species at the fire sites has been reported for many invertebrate groups (Panzer 2002 , Page & goldammer 2004 , bischof 2006 , nemkov & sapiga 2010 , Prokopenko & savchenko 2013 .
in general, spiders can be regarded as good dispersers, as they settle new areas by running fast or spreading by air. smaller species balloon in both juvenile and adult stages, though it is mainly juveniles that disperse in such a way (weyman 1993) . with a few exceptions, herbdwellers are not good runners. as can be seen from my data, they began re-colonizing the postfire area only in July, with the appearance of ballooning juveniles. Consequently the majority of spiders collected during the first post-fire year were juveniles. During the third year after the fire, the species composition and abundance recovered almost completely and reached the level of the undisturbed community in the control gully. Despite the general similarity of undisturbed and recovered herb-dwelling spider assemblages, the difference in hierarchical structure still persisted even in the third year after the fire, when dominant species constituted a larger proportion of the community than on the control plots.
Cursorial spiders do not depend on the litter density, nor do they need grass for e.g. web building. therefore they quickly re-colonize new sites, though they are sensitive to vegetation changes and the consequent impacts on microclimate conditions and availability of potential prey and shelter (ysnel & Canard 2000 , Cobbold & MacMahon 2012 . the pioneer species are opportunists which are ecologically flexible and can colonize vacant niches quickly. in my study, this to six or more years to recover their abundance (Panzer 2002) . at the studied site, even three years after the fire, less mobile litter-dwelling spiders were found only as singletons, and these were all common grassland species. fires are especially harmful for rare species with a patchy geographical distribution. for instance, the tertian relict Neottiura suaveolens (krasnobayev 2001), which has only been recorded from three locations within the east european Plain, including 'striltsivskyi steppe', has not been reported from the study area since the fire. with an increase of fire frequency, such scarcely distributed species may disappear from the whole region. therefore prescribed burning as a conservation management aimed at biodiversity maintenance should only be applied after the creation of adequate refuges for endangered species. such refuges have successfully been used for Lepidoptera conservation in fire-managed areas of american prairies (swengel & swengel 2007) .
in general, my data are consistent with the conclusions obtained in studies of the orenburg steppes (nemkov & sapiga 2010) . steppe invertebrate communities do not recover within a three to five year period after extensive summer fires. spider species richness did not reach the pre-fire level, as some species benefited from the fire and the community structure changed in favor of generalist and xerophilous species. it is particularly important to consider the special requirements of endangered species when planning strategies for the management of protected areas.
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